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,QWURGXFWLRQ
,Q WKH GHYHORSPHQW RI ODUJHVFDOH WHFKQLFDO V\VWHPV D GHHSNQRZOHGJH DERXW WKHLU V\VWHP OLIHF\FOH SURSHUWLHV
,OLWLHV EHFRPHV PRUH DQG PRUH LPSRUWDQW 7KH QHW RI FRQVWUDLQWV DURXQG VXFK V\VWHPV JHWV FORVHU DQG WKH
GHSHQGHQFLHVFURVVLQJWKHV\VWHPERXQGDU\DUHLQFUHDVLQJO\YRODWLOH,IRQHFRQVLGHUVSURGXFWLRQV\VWHPVWKHUHLVD
QHHG IRU DJLOH V\VWHPV 7KDWPHDQV D V\VWHPZKLFK LV IOH[LEOH DQG UHVSRQVLYH WRZDUGV XQSUHGLFWDEOH LQWHUQDO RU
H[WHUQDOFKDQJHV%XWWRPHHWWKDWV\VWHPUHTXLUHPHQWRIDJLOLW\LWKDVWREHFOHDUZKLFKVXEV\VWHPRUHOHPHQWUHTXLUHV
ZKLFKNLQGRUDPRXQWRIIOH[LELOLW\DQGUHVSRQVLYHQHVV)LJXUHLOOXVWUDWHVWKHFXUUHQWJDSEHWZHHQ,OLWLHVWKDWDUH
UHODWHG WRGLVWLQFWHOHPHQWV HJ WKHJHRPHWU\ IOH[LELOLW\RIDJULSSHUDQGPRUHYDJXHV\VWHPOLIHF\FOHSURSHUWLHV
UHJDUGLQJWKHFRPSOHWHV\VWHPHJWKHDJLOLW\RIDQDVVHPEO\OLQH2QHNH\DVSHFWWROLQNWKHVHOHYHOVLVWKHV\VWHP
VWUXFWXUHZKLFKEXLOGVXSWKHFRPSOHWHV\VWHPIURPVLQJOHHOHPHQWV7RPRGHOWKHVHGHSHQGHQFLHVZHWDNHDV\VWHP
WKHRUHWLFDO SHUVSHFWLYH ,Q WKH VHQVHRI6\VWHPV(QJLQHHULQJ WKH LQWHUSOD\EHWZHHQ ,OLWLHV DQG UHVSRQVLEOH V\VWHP
HOHPHQWVDVZHOODVWKHGHSHQGHQFLHVEHWZHHQGLIIHUHQW,OLWLHVKDYHWREHDQDO\]HGWKRURXJKO\0RUHRYHU WRPDNH
VXVWDLQDEOHLQYHVWVLQIDFLOLWLHVDQGRSWLPL]HWKHHIIRUWRIV\VWHPSODQQLQJDQGGHYHORSPHQWWKHV\VWHPHQJLQHHUKDV
WREHDEOHWRLGHQWLI\V\VWHPFRPSRQHQWVFOXVWHUVRUPRGXOHVZLWKWKHVDPH,OLW\GHPDQGV%ULGJLQJWKLVJDSRIIHUV
SRWHQWLDOVDPRQJVWRWKHUVIURPDQRUJDQL]DWLRQDOSRLQWRIYLHZWRRSWLPL]HWKHHIILFLHQF\RIWKHGHYHORSPHQWSURFHVV
DVZHOODVWRULVHWKHV\VWHPWUDQVSDUHQF\DQGFRQVHTXHQWO\WREHDEOHWRFRSHZLWKFRPSOH[LW\GXULQJV\VWHPRSHUDWLRQ


)LJ$OORFDWLRQRIV\VWHPOLIHF\FOHSURSHUWLHV
,QWKLVSDSHUZHIRFXVRQVWUXFWXULQJV\VWHPHOHPHQWVGHSHQGLQJRQ,OLWLHVDQGSUHVHQWDQDSSURDFKWRPRGXODUL]H
V\VWHPVEDVHGRQWKHFRPPRQDOLW\RI,OLWLHVLQRUGHUWRVXSSRUWWKHSODQQLQJSURFHVVLQHDUO\SKDVHV7KHUHIRUHZH
VKRZDEULHI OLWHUDWXUHUHYLHZVWURQJO\IRFXVHGRQ WKHUHODWHGPDMRUUHVHDUFK LVVXHV±V\VWHPOLIHF\FOHSURSHUWLHV
PRGXODUL]DWLRQDQGFRPPRQDOLW\DSSURDFKHV±DQGPRWLYDWHWKLVFRQWULEXWLRQVHFWLRQ,QVHFWLRQZHGHVFULEHWKH
FRQFHSWRIRXUPRGXODUL]DWLRQDSSURDFKDQGLWVDSSOLFDWLRQLQWZRSKDVHV,QDILQDOVWHSDYDOLGDWLRQRIWKHPHWKRG
XVLQJWKHH[DPSOHRIDFDUDVVHPEO\OLQHLVSUHVHQWHGLQVHFWLRQ$IWHUZDUGVZHFULWLFDOO\GLVFXVVWKHEHQHILWDQG
ZHDNQHVVHVRIRXUDSSURDFKDQGLWVLPSOLFDWLRQV
/LWHUDWXUH5HYLHZ
%DVHGRQWKHGHVFULEHGSUREOHPWKUHHPDLQUHVHDUFKWRSLFVFDQEHGHULYHG7KHUROHRIV\VWHPOLIHF\FOHSURSHUWLHV
LQ SODQQLQJ DQG GHYHORSLQJ V\VWHPV DSSURDFKHV IRU FOXVWHULQJ DQGPRGXODUL]LQJ V\VWHPV DQG WKH FRUUHVSRQGLQJ
REMHFWLYHV WKH LQWHUSOD\EHWZHHQ V\VWHPSURSHUWLHV DQG WKH V\VWHPVWUXFWXUH&XUUHQWSXEOLFDWLRQVDQGHVWDEOLVKHG
VWDWHRIWKHDUWOLWHUDWXUHVKRZVWKDWWKHPHQWLRQHGWRSLFVZHUHPRVWO\VWXGLHGVHSDUDWHO\
2.1. System lifecycle properties 
,Q WKH ODVW IHZ \HDUV D ORW RI UHVHDUFKHU JURXSV JDYH DWWHQWLRQ WR V\VWHP OLIHF\FOH SURSHUWLHV$ ORW RI VWXGLHV
LQYHVWLJDWHGVHYHUDO,OLWLHVRIDFHUWDLQWHFKQLFDOV\VWHPWRPHHWVSHFLILFJRDOVHJWKHSXEOLFDWLRQIURP%HVNHVHDHW
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DO4XDQWLILFDWLRQVSHFLILFJRDORIIOH[LELOLW\,OLW\LQDGYDQFHGPDQXIDFWXULQJV\VWHPVWHFKQLFDOV\VWHPXVLQJ
IX]]\FRQFHSW%XWKDUGO\DQ\RQHSUHVHQWVPRUHJHQHUDOLQYHVWLJDWLRQVZKLFKDUHWUDQVIHUDEOHWRGLIIHUHQWXVHFDVHV
*HQHUDOFRQVLGHUDWLRQVDERXW,OLWLHVIURPDV\VWHPWKHRUHWLFDOSHUVSHFWLYHFDQPDLQO\EHIRXQGLQUHVHDUFKSURMHFWV
RIWKH0,70DVVDFKXVHWWV,QVWLWXWHRI7HFKQRORJ\7KHVHVWXGLHVDLPHGDWH[SORULQJDQGFROOHFWLQJWKHPXOWLWXGHRI
,OLWLHVDQG WRFRQVHTXHQWO\ LPSOHPHQW WKHPLQWRDKROLVWLFFODVVLILFDWLRQV\VWHP7UDFNLQJ WKHUHVXOWVRISXEOLVKHG
ILQDOL]HGVWXGLHVFKURQRORJLFDOO\WKHIROORZLQJHYROXWLRQEHFRPHVHYLGHQW,Q&UDZOH\HWDODWWHPSWWRUHODWH
,OLWLHVZLWKWKHEHKDYLRUDQGWKHDUFKLWHFWXUHRIFRPSOH[V\VWHPV7KH\SRVWXODWHWKDWWKHV\VWHPDUFKLWHFWXUHDVZHOO
DVWKHV\VWHPVWUXFWXUHLQIOXHQFHRUUDWKHUGHWHUPLQH,OLWLHV*LYLQJDQRXWORRNWRIXUWKHUQHHGIRUUHVHDUFKWKH\UDLVH
WKHTXHVWLRQÄ:KDWDUH,OLWLHVDQGFDQWKH\EHFODVVLILHG"³%URZQLQJDQG+RQRXUSUHVHQWDQDSSURDFKWRTXDQWLI\
WKHV\VWHPYDOXHDORQJWKHOLIHF\FOH7KH\JHQHUDWHDVRFDOOHGOLIHF\FOHYDOXH/&9XVLQJZHLJKWHGNH\SDUDPHWHUV
WRGHVFULEHVWDNHKROGHUDQGWKHLUSUHIHUHQFHV7KHVHNH\SDUDPHWHUVDUHVLPLODUWR,OLWLHV%XW%URZQLQJDQG+RQRXU
GRQRWFRQVLGHUWKHV\VWHPVWUXFWXUH0F0DQXVHWDOHPEHG,OLWLHVLQDXQLYHUVDOIUDPHZRUNWRXVHWKHPDVREMHFWLYHV
LQWKHFRQFHSWXDOGHVLJQRIV\VWHPV7KHUHE\WKH\IRFXVRQFKDQJHVDQGILQDQFLDOO\TXDQWLI\WKHVXUYLYDELOLW\RID
VSDFHWXJLQDFRPSUHKHQVLYHXVHFDVH5RVVHWDOGHILQHDQGGLIIHUHQWLDWHVHYHUDO,OLWLHVIOH[LELOLW\DGDSWDELOLW\
VFDODELOLW\ PRGLILDELOLW\ DQG UREXVWQHVV DLPLQJ DW WKH TXDQWLILFDWLRQ RI YDOXH UREXVW V\VWHPV E\ XVLQJ DQ ,OLW\
WD[RQRP\0RUHJHQHUDOFRQFOXVLRQVDUHGUDZQE\'H:HFNHWDOLQFRPLQJDJDLQIURPWKHDVVXPSWLRQWKDW
V\VWHPOLIHF\FOHSURSHUWLHVGHWHUPLQHWKHV\VWHPYDOXH+HQFH WKH\SUHVHQWDEDVLFUHYLHZDERXW,OLWLHVDQGWU\WR
FODVVLI\ WKHP7KHTXLQWHVVHQFHRI WKLVZRUN LV WKDW GLIIHUHQW ,OLWLHV LQWHUSOD\ZLWK HDFKRWKHUPRUH RU OHVV DQG D
KLHUDUFKLFDOVWUXFWXULQJVHHPVWREHUHDVRQDEOH
3XEOLFDWLRQVUHODWHGWRVSHFLILF,OLWLHVDUHXVXDOO\EDVHGRQFRQFUHWHWHFKQLFDOSUREOHPVDQGYDOLGDWHGZLWKGHWDLOHG
FDVHVWXGLHV1HYHUWKHOHVVJHQHUDOFRQFOXVLRQVUHJDUGLQJKLJKHUOHYHOV\VWHPVDVZHOODVLPSOLFDWLRQVLQWKHUROHRI
,OLWLHV LQ WKH V\VWHP VWUXFWXUH DUH UDUH +DYLQJ D FORVHU ORRN DW RQH VSHFLILF ,OLW\ DQG UHODWHG LQYHVWLJDWLRQV WKH
FRQWULEXWLRQRIVXFKSXEOLFDWLRQVIRURXUUHVHDUFKEHFRPHVFOHDU8VLQJWKHH[DPSOHRIIOH[LELOLW\WKHUHDUHQXPHURXV
VWXGLHVZKLFKH[DPLQHDPRQJVWRWKHUVLQIOXHQFLQJIDFWRUVDQGFRQVHTXHQFHVRIWKLV,OLW\)RUH[DPSOH$OH[RSRXORV
HWDOXVH WKHDQDORJ\RIDG\QDPLFPHFKDQLFDO V\VWHP WRTXDQWLI\ IOH[LELOLW\7KLVDSSURDFK LQFOXGHV WKH V\VWHP
EHKDYLRUDVZHOODVEDVLFV\VWHPSDUDPHWHUVDQGLQGLFDWHVWKDWIOH[LELOLW\GHSHQGVRQGLIIHUHQWV\VWHPFRQILJXUDWLRQV
,Q WKH VDPH PDQQHU PRVW DSSURDFKHV FRQFHQWUDWH RQ GLYHUVH FDOFXODWLRQ DQG DVVHVVPHQW PHWKRGV WR PHDVXUH
IOH[LELOLW\ HJ IX]]\ FRQFHSWV VHQVLWLYLW\ RI FKDQJHV RU HFRQRPLF HYDOXDWLRQ EDVHG RQ FRVWV ,Q VXPPDU\
REMHFWLYHVOLNHFDSDFLW\RXWSXWRSHUDWLRQDOFRVWVHWFDQGHYHQWKHV\VWHPEHKDYLRUSOD\WKHGHFLVLYHUROHLQWKHVH
IOH[LELOLW\UHODWHGVWXGLHVEXWJHQHUDOLPSOLFDWLRQVIURPDV\VWHPWKHRUHWLFDOSHUVSHFWLYHDUHPLVVLQJ
2.2. Modularization and commonality approaches 
7KH XSFRPLQJ WUHQG LQ WKH GHYHORSPHQW RI WHFKQLFDO V\VWHPV LV FOHDUO\ WRZDUGV PRGXODU LQVWHDG RI LQWHJUDO
DUFKLWHFWXUHVZKHUHE\DGDSWDEOHSDUWVPRGXOHVDQGVWDQGDUGSDUWVSODWIRUPDUHOLQNHGE\GHILQHGLQWHUIDFHV7KLV
GHVLJQSULQFLSOHSRVVHVVHVFRVWDGYDQWDJHVDQGOHVVXSGDWLQJHIIRUWLQWKHFRQWH[WRIYRODWLOHERXQGDU\FRQGLWLRQV
ZKLFKZHIRFXVRQ$ZHOONQRZQH[DPSOHLVWKHDUFKLWHFWXUHRIDSHUVRQDOFRPSXWHU&RPSRQHQWVOLNHWKHSURFHVVRU
DVZHOO DV SHULSKHUDO GHYLFHV OLNH D SULQWHU DUH FRQQHFWHG YLD VWDQGDUGL]HG LQWHUIDFHV DQG FDQ EH H[FKDQJHG 7KH
SULQFLSOHRIFRPPRQDOLW\FDQEHDSSOLHGRQGLIIHUHQWREMHFWVXVLQJGLIIHUHQWOHYHOVRIFRQFUHWL]DWLRQ1HYHUWKHOHVV
EDVLF W\SHV RI FRPPRQDOLW\ FDQ EH IRXQG LQ OLWHUDWXUH SK\VLFDO WHFKQRORJLFDO DQG IXQFWLRQDO FRPPRQDOLW\ 7KH
IXQGDPHQWDOSULQFLSOHRIFRPPRQDOLW\DQGPRGXODULW\DSSURDFKHVFRQVLVWVRIRUJDQL]LQJV\VWHPVLQWHUPVRIFRPPRQ
VWUXFWXUHV)RUWKLVSXUSRVH)L[VRQSUHVHQWVDEURDGOLWHUDWXUHUHYLHZDERXWPRGXODULW\DQGFRPPRQDOLW\UHVHDUFK
+HFRQFOXGHVWKDWPRVWVWXGLHVMXVWDLPRQFRVWHIIHFWVE\LQYHVWLJDWLQJSURGXFWVSURFHVVHVRUJDQL]DWLRQVDQGHYHQ
LQQRYDWLRQV$FFRUGLQJWRKLPIXWXUHZRUNKDVWRFRQVLGHUIXUWKHUSHUIRUPDQFHPHDVXUHVWKDQRQO\FRVWVHVSHFLDOO\
LQ WKH ILHOG RI FRPSOH[ WHFKQLFDO V\VWHPV &RQWLQXLQJ )L[RQ¶V RXWORRN 6LPSVRQ HW DO SUHVHQW DSSOLFDWLRQV RI
PRGXODULW\DQGFRPPRQDOLW\LQWHUPVRISURGXFWIDPLO\GHVLJQ
2.3. The role of system lifecycle properties in the development process 
3UHYLRXV UHPDUNV PDNH FOHDU WKDW ,OLWLHV SOD\ DQ LPSRUWDQW SHUKDSV D GHFLVLYH UROH LQ V\VWHP GHVLJQ DQG
GHYHORSPHQW,QWKHFDVHRIFRQFUHWH,OLWLHVDVDOUHDG\VKRZQE\WKHH[DPSOHRIIOH[LELOLW\WKHUHDUHQXPHURXVPHWKRGV
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IRUGHVFULSWLRQTXDQWLILFDWLRQDQGDVVHVVPHQW*HQHUDOFRQVLGHUDWLRQVZLWKRXWVSHFLILFLQVWDQFHDUHVWLOOOLPLWHGDQG
XQVXLWDEOH WR GHVFULEH GHSHQGHQFLHV EHWZHHQ ,OLWLHV RU HYHQ FHUWDLQO\ SUHGLFW WKH V\VWHP EHKDYLRU 1HFHVVDU\
LQIOXHQFLQJSDUDPHWHUVRUUDWKHUVWUXFWXUDOFULWHULRQVH[LVWLQSDUWIRUH[DPSOHSUHVHQWHGE\6FKRO]5HLWHUHWDOLQ
WKH FDVH RI FRPSOH[LW\ E\)ULFNH DQG6FKXO] LQ WKH FDVH RI FKDQJHDELOLW\ RUPRUH JHQHUDO E\%LHGHUPDQQ DQG
/LQGHPDQQ%XW WKHVH VWXGLHV DUHQRW DEOH WR DGGUHVV ,OLWLHV DQG OLQN WKHPGLUHFWO\ZLWK WKH V\VWHP VWUXFWXUH ,W
EHFRPHVHYLGHQWWKDW,OLWLHVFDQQRWEHFRQVLGHUHGVHSDUDWHO\ZLWKRXWDQ\NQRZOHGJHDERXWWKHLULPSDFWRQWKHFRPSOHWH
V\VWHP,QDFFRUGDQFHZLWK)L[VRQVWUXFWXULQJE\PRGXODUL]DWLRQPHWKRGVKDVJUHDWSRWHQWLDOLQWHUPVRIDJLOLW\LI
VXLWDEOHPRGXODUL]DWLRQFULWHULRQVZLOOEH LGHQWLILHGDQGXVHG'XH WR WKHQHHGIRUDQ LQWHJUDWHGFRQVLGHUDWLRQZH
SUHVHQWDJHQHULFDSSURDFKIRUFOXVWHULQJV\VWHPVE\V\VWHPOLIHF\FOHSURSHUWLHV
0RGXODUL]DWLRQDSSURDFK
,Q WKLV VHFWLRQ ZH SUHVHQW D PHWKRG WR LGHQWLI\ VRFDOOHG ,OLW\PRGXOHV XVLQJ PDWUL[EDVHG PHWKRGV DQG
FRPPRQDOLW\DQDO\VLV7KLVFRQWULEXWLRQLVEDVHGRQDPRGXODUL]DWLRQDSSURDFKSUHVHQWHGE\6FKRHWWOHWDOZKLFK
VXSSRUWVWKHVWUXFWXULQJDQGYLVXDOL]DWLRQRIVWDNHKROGHUQHWZRUNVLQODUJHVFDOHVRFLRWHFKQLFDOV\VWHPV,QRUGHUWR
FOHDUO\H[SODLQRXUJHQHULFDSSURDFKWKLVVHFWLRQLVVSOLWLQWRWKUHHSDUWV)LUVWZHLQWURGXFHWKHEDVLFFRQFHSWDQG
SRLQWRXWWKHUHODWHGVFLHQWLILFSULQFLSOHVIURPOLWHUDWXUH7KHQZHSUHVHQWWKHDSSOLFDWLRQZKLFKLVGLYLGHGLQWRWKH
SDUWLQIRUPDWLRQDFTXLVLWLRQDQGWKHSDUWFRPPRQDOLW\DQDO\VLV
3.1. Part I – Concept 
7REULGJHWKHJDSEHWZHHQDEVWUDFW,OLWLHVRQWKHOHYHORIWKHFRPSOHWHV\VWHPZKLFKDUHDQLPSRUWDQWREMHFWLYHLQ
WKH HDUO\ SKDVH RI V\VWHPGHVLJQ DQG FRQFUHWH ,OLWLHV UHODWHG WRGLVFUHWH V\VWHPFRPSRQHQWV D V\VWHP WKHRUHWLFDO
SHUVSHFWLYH LV UHTXLUHG )XUWKHUPRUH WKH DSSURDFKPXVW EH FDSDEOH RI KDQGOLQJ DQDO\]LQJ DQG YLVXDOL]LQJ ODUJH
DPRXQWVRIGDWD7KHDSSURDFKRI6FKRHWWOHWDOPHHWVWKHVHEDVLFFULWHULDGXHWRLWLVEDVHGRQPDWULFHV7KHFHQWUDO
LGHDRIWKHLUDSSURDFKLVWRPRGHOGHSHQGHQFLHVEHWZHHQGLIIHUHQWW\SHVRIV\VWHPHOHPHQWVLQPDWULFHVDQGXVHWKH
SULQFLSOHVRIPDWUL[PXOWLSOLFDWLRQWRGHULYHLQGLUHFWGHSHQGHQFLHV)RUH[DPSOH LIZHMXVWNQRZWKDW3HUVRQ$LV
LQVWDOOLQJ WKH VXVSHQVLRQ GLUHFW GHSHQGHQF\ DQG LQVWDOOLQJ WKH VXVSHQVLRQ UHTXLUHV D WRUTXH VSDQQHU GLUHFW
GHSHQGHQF\ZHFDQUHDVRQWKDW3HUVRQ$QHHGVDWRUTXHVSDQQHULQGLUHFWGHSHQGHQF\EHFDXVHKHKDVWRLQVWDOOWKH
VXVSHQVLRQ%DVHGRQWKHVHSULQFLSOHVZHPRGHOLQIRUPDWLRQDERXWGHSHQGHQFLHVLQWKUHHW\SHVRIPDWULFHV7KH0XOWL
'RPDLQ0DWUL[0'0WKH'RPDLQ0DSSLQJ0DWUL['00DQGWKH'HVLJQ6WUXFWXUH0DWUL['60$GHWDLOHG
H[SODQDWLRQRIWKHPHFKDQLFVRIWKHVHPDWULFHVLQDFFRUGDQFHWR/LQGHPDQQHWDOFDQEHIRXQGLQWKHDSSHQGL[FS
ILJXUH$)LJXUHLOOXVWUDWHVRXUEDVLFDSSURDFKDQGDQH[WHQGHGYHUVLRQDV0'0


)LJD%DVLFPRGXODUL]DWLRQDSSURDFKE([WHQGHGPRGXODUL]DWLRQDSSURDFKUHJDUGLQJSDUDPHWHUV
)LJXUHDVKRZVWKH0'0RIRXUPRGXODUL]DWLRQDSSURDFK,WFRQVLVWVRIWKUHHGRPDLQV,OLWLHVV\VWHPHOHPHQWV
DQGSDUDPHWHUV7KHODVWGRPDLQLVQHFHVVDU\WRUHDFKDORZHUOHYHORIDEVWUDFWLRQ)XUWKHUH[SODQDWLRQVRQWKDWLVVXH
ZLOOEHJLYHQLQVXEVHFWLRQ6WDUWLQJZLWKWKH'00ZKLFKOLQNVV\VWHPHOHPHQWVWR,OLWLHVRQHFDQGHULYH'60
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LQRQHDULWKPHWLFRSHUDWLRQFS/LQGHPDQQHWDO'00KDVWREHPXOWLSOLHGZLWKWKHWUDQVSRVHG'00LQ
RUGHUWRJHWWKHGHSHQGHQFLHVRIV\VWHPHOHPHQWV&RQVHTXHQWO\V\VWHPHOHPHQWVDUHFRQQHFWHGLQ'60LIWKH\DUH
OLQNHGWRRQHRUPRUHLGHQWLF,OLWLHVLQ'00)LJXUHEGHSLFWVWKUHHGLIIHUHQWPDWULFHVWKDWKDYHWREHSURFHVVHV
LQWZRDULWKPHWLFDORSHUDWLRQVFS/LQGHPDQQHWDO,QWKLVFDVH'00WKHVDPHDVLQWKHEDVLFDSSURDFKKDV
WREHPXOWLSOLHGZLWK'00ZKLFKOLQNV,OLWLHVWRLQIOXHQFLQJSDUDPHWHUV7KLVUHVXOWVLQDIXUWKHU'00ZKLFK
LQFOXGHV GHSHQGHQFLHV EHWZHHQ HOHPHQWV DQG SDUDPHWHUV GXH WR WKH\ DUH OLQNHG WR VDPH ,OLWLHV :H VNLS WKDW
LQWHUPHGLDWHVWHSDQGPXOWLSO\WKDW'00ZLWKWKHWUDQVSRVHGWRJHW'60&RQVHTXHQWO\WKLVPDWUL[OLQNVHOHPHQWV
ZKLFKDUHLQIOXHQFHGE\RQHRUPRUHLGHQWLFSDUDPHWHUV%RWK0'0LQILJXUHLQFOXGHPRUHWKDQRQH'00DQG
'60LOOXVWUDWHGDVVWDFNV7KLVPHDQVWKDWGLIIHUHQW W\SHVRIGHSHQGHQFLHVFDQEHXVHGWRPRGHO'00DQG
FRQVHTXHQWO\PRUHWKDQRQH'60UHVXOWVIURPWKDW,IWKLVLVWKHFDVHWKHUHVXOWLQJ'60DUHDGGHGWRJHWRQH
VXSHULPSRVHG'607KHDQDO\VLVRIWKHVHPDWUL[EDVHGV\VWHPPRGHOVZLOOEHH[SODLQHGLQVXEVHFWLRQ
3.2. Part II – Information acquisition 
7KHGHSLFWHG0'0LQILJXUHLQFOXGHDOOUHOHYDQWLQIRUPDWLRQIRUPRGHOLQJWKHHOHPHQWVDQGGHSHQGHQFLHV,Q
DGGLWLRQWKHDULWKPHWLFDORSHUDWLRQVDUHNQRZQLQRUGHUWRWUDQVIHUQDWLYHGHSHQGHQFLHV'00DQG'00WRD
GHULYHGV\VWHPPRGHO'60WKDWFDQEHDQDO\]HGLQWHUPVRIFRPPRQDOLW\7KHUHIRUHZHGHPRQVWUDWHKRZWR
DSSO\WKHSURFHGXUHLQIRXURUUDWKHUVL[EDVLFVWHSVDFFRUGLQJWRILJXUH%XWEHIRUHZHJRLQWRGHWDLOVRPH
JHQHUDOUHPDUNVKDYHWREHPDGH'HSHQGLQJRQWKHSDUWLFXODUREMHFWLYHRIXVLQJWKLVDSSURDFKLWLVSRVVLEOHWR
PRGHO,OLWLHVDQGHOHPHQWVRQGLIIHUHQWOHYHOVRIDEVWUDFWLRQ$QRYHUYLHZRIVRPHFRQFUHWHH[DPSOHVIROORZV

x ,OLWLHVWRFKDUDFWHUL]HWKHFRPSOHWHV\VWHPOLNHUREXVWQHVVDJLOLW\YHUVDWLOLW\HWF
x ,OLWLHVWRVSHFLI\GLVWLQFWV\VWHPHOHPHQWVOLNHJHRPHWU\IOH[LELOLW\VL]HIOH[LELOLW\SURGXFWIOH[LELOLW\HWF
x $EVWUDFWHOHPHQWVRQDKLJKV\VWHPOHYHOOLNHGHSDUWPHQWVIDFWRULHVSODQWVHWF
x 'LVWLQFWHOHPHQWVRQDORZV\VWHPOHYHOOLNHPDFKLQHVDVVHPEO\SURFHVVHVWRROVHWF

:HUHFRPPHQGXVLQJWKHVDPHOHYHORIDEVWUDFWLRQIRUERWKGRPDLQV,OLWLHVDQGHOHPHQWV&RQVHTXHQWO\RQHFRXOG
FRQVLGHUORZOHYHO,OLWLHVDQGGLVWLQFWHOHPHQWVWRGHULYHSUDFWLFDOUHFRPPHQGDWLRQVIRUV\VWHPGHVLJQDVLWZLOOEH
VKRZQLQRXUFDVHVWXG\2QHDGGLWLRQDOERXQGDU\FRQGLWLRQLVWKHYDULHW\RIHOHPHQWVWKDWZLOOEHDQDO\]HG,QWKLV
FRQWULEXWLRQZHFRQFHQWUDWHRQWKHGHSHQGHQFLHVEHWZHHQ,OLWLHVDQGRQHW\SHRIHOHPHQWV7RH[HFXWHWKHEDVLF
SURFHGXUHDFFRUGLQJWRILJXUHDRQHKDVWRUXQWKURXJKWKHIROORZLQJIRXUVWHSV

 7KH,OLWLHVGRPDLQKDVWREHGHILQHGWRSXUVXHDFRQVWDQWOHYHORIDEVWUDFWLRQRIVXERUGLQDWHGHOHPHQWV
$IWHUZDUGVDOOV\VWHPHOHPHQWVRIWKLVGRPDLQKDYHWREHJDWKHUHG:HXVHGLVWLQFW,OLWLHV)OH[LELOLWLHV
 7KHHOHPHQWVGRPDLQKDVWREHGHILQHGDQGVXERUGLQDWHGHOHPHQWVKDYHWREHJDWKHUHG:HXVHORZOHYHO
HOHPHQWV3URFHVVHV
 7ROLQNHOHPHQWVWR,OLWLHVRUUDWKHUSURFHVVHVWRIOH[LELOLWLHVWKHW\SHRIUHODWLRQEHWZHHQWKHVHGRPDLQV
KDVWREHGHILQHG:HXVHWKHWHUP³SURFHVVKDVIOH[LELOLW\´
 7KHODVWVWHSLVWRFDOFXODWHRQHRUPRUH'60DFFRUGLQJWRWKHDULWKPHWLFDORSHUDWLRQLQILJXUHD7KLV
PDWUL[PRGHOVGHSHQGHQFLHVOLNH$VVHPEOLQJWKHVXQURRIDQGLQVWDOOLQJWKHVXVSHQVLRQDUHOLQNHGWRHDFK
RWKHUEHFDXVHERWKSURFHVVHVKDYHHUJRQRPLFIOH[LELOLW\6WDUWLQJZLWKDVLQJOH'60HOHPHQWJURXSV
ZLWKDKLJKFRPPRQDOLW\LQWKHOLQNHG,OLWLHVFDQDOUHDG\EHLGHQWLILHGDIWHUFOXVWHULQJWKHPDWUL[%XWWKH
DGGHGYDOXHRIWKLVDSSURDFKFDQEHVHHQIURPVXSHULPSRVLQJWKHFDOFXODWHG,OLW\VSHFLILF'60WRJHW
HOHPHQWFOXVWHUVZLWKVLPLODUUHTXLUHPHQWSURILOHFDOOHG,OLW\VHW
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
)LJD%DVLFSURFHGXUHE([WHQGHGSURFHGXUHUHJDUGLQJSDUDPHWHUV
$QDGGLWLRQDOOHYHORIFRQFUHWL]DWLRQLVVKRZQLQILJXUHEXVLQJDQDGGLWLRQDOGRPDLQ7KHSDUDPHWHUVGRPDLQ
LQFOXGHV LQIOXHQFLQJ IDFWRUV ZKLFK GHWHUPLQH RU UDWKHU FRQWURO WKH FRQVLGHUHG ,OLWLHV 7R H[HFXWH WKH H[WHQGHG
SURFHGXUHDFFRUGLQJWRILJXUHERQHKDVWRUXQWKURXJKWKHIROORZLQJVL[VWHSV

 6HHEDVLFSURFHGXUHVWHS
 6HHEDVLFSURFHGXUHVWHS
 7KHSDUDPHWHUVGRPDLQKDVWREHGHILQHGWRSXUVXHDFRQVWDQWOHYHORIDEVWUDFWLRQRIVXERUGLQDWHG
HOHPHQWV$IWHUZDUGVDOOV\VWHPHOHPHQWVRIWKLVGRPDLQKDYHWREHJDWKHUHG
 7ROLQN,OLWLHVWRSDUDPHWHUVRUUDWKHUIOH[LELOLWLHVWRSDUDPHWHUVWKHW\SHRIUHODWLRQEHWZHHQWKHVHGRPDLQV
KDVWREHGHILQHG:HXVHWKHWHUP³,OLW\LVGHWHUPLQHGE\SDUDPHWHU´
 6HHEDVLFSURFHGXUHVWHS
 7KHODVWVWHSLVWRFDOFXODWHRQHRUPRUH'60DFFRUGLQJWRWKHDULWKPHWLFDORSHUDWLRQLQILJXUHE
+HQFHWKHUHVXOWLQJ'60FRQQHFWVSURFHVVHVEHFDXVHWKHUHODWHG,OLWLHVDUHGHWHUPLQHGE\WKHVDPH
LQIOXHQFLQJSDUDPHWHUV%DVHGRQWKLVLQIRUPDWLRQRSWLPL]DWLRQSRWHQWLDOVLQWKHGHYHORSPHQWRUJDQL]DWLRQ
FDQEHIRXQG,IGLIIHUHQWHOHPHQWVHJDVVHPEOLQJWKHVXQURRIDQGLQVWDOOLQJWKHVXVSHQVLRQDUHSODQQHG
E\VHYHUDOGHYHORSHUVZKLFKGHWHUPLQHWKHVDPHV\VWHPSDUDPHWHUVHJZRUNLQJKHLJKWLQWKHDVVHPEO\
OLQHGXHWROLQNHG,OLWLHVHJHUJRQRPLFIOH[LELOLW\WKH\VKRXOGZRUNWRJHWKHU7KHVHFRQQHFWLRQVDUH
RIWHQXQNQRZQRUMXVWLPSOLFLWO\GRFXPHQWHG
3.3. Part III – Commonality analysis 
'XHWRWKHDSSOLHGPDWUL[PXOWLSOLFDWLRQRI'00DQGWKHWUDQVSRVHG'00DFRQQHFWLRQEHWZHHQWZRHOHPHQWV
DULVHVLQWKH'60LIERWKHOHPHQWVDUHOLQNHGWRWKHVDPHIOH[LELOLW\:KHQVXSHULPSRVLQJWKHUHVXOWLQJPDWULFHV
'60WKHQXPHULFDOYDOXHLQHDFKPDWUL[FHOOUHSUHVHQWVWKHQXPEHURIFRPPRQGHSHQGHQFLHV7KXVWKHGHJUHHRI
FRPPRQDOLW\RIV\VWHPHOHPHQWVFDQGLUHFWO\EHH[WUDFWHGIURPWKLVPDWUL[)XUWKHUDQDO\VLVDQGYLVXDOL]DWLRQUHTXLUHV
DUUDQJLQJWKHHOHPHQWVLQ'60DFFRUGLQJWRFOXVWHUVRUUDWKHU,OLW\PRGXOHV7KHDSSOLFDWLRQRIFOXVWHULQJDOJRULWKPV
VXFKDVIRUH[DPSOHGHVFULEHGE\$JJDUZDODQG5HGG\LVQRWSRVVLEOHDWWKHPRPHQWEHFDXVHDGGLWLRQDOERXQGDU\
FRQGLWLRQVRIWDUJHWFOXVWHUVDUHUHTXLUHG,QRXUXVHFDVHZHKDYHIRXQGRXWWKDWFOXVWHULQJE\KDQGWHQGVWRUHVXOWLQ
WKHEHVWPRGXODUL]DWLRQZLWKUHJDUGWRWKHKRPRJHQHLW\RIWKH,OLW\PRGXOHV
&DVHVWXG\
:HSURRIHGWKHYDOLGLW\RIRXUDSSURDFKE\DFDVHVWXG\LQDXWRPRWLYHLQGXVWU\H[HPSOLILHGE\DYHKLFOHDVVHPEO\
OLQHVHTXHQFHGDVVHPEO\SURFHVVHVDQGIRXUW\SHVRIIOH[LELOLW\ZHUHDQDO\]HGWRGHPRQVWUDWHWKHDSSOLFDWLRQRI
RXUPHWKRGDQGWKHUHVXOWSURFHVVFOXVWHUVEDVHGRQWKHFRPPRQDOLW\RIIOH[LELOLWLHV7KXVWKHVHSURFHVVPRGXOHV
KDYHDKLJKFRQIRUPLW\LQWKHIOH[LELOLW\VHWVWKH\SXUVXH

,OLWLHV
)OH[LELOLWLHV
(OHPHQWV
3URFHVVHV 3DUDPHWHUV
,OLWLHV
)OH[LELOLWLHV
(OHPHQWV
3URFHVVHV
3DUDPHWHUV
'60'6 '60
,OLWLHV
)OH[LELOLWLHV
(OHPHQWV
3URFHVVHV 3DUDPHWHUV
,OLWLHV
)OH[LELOLWLHV
(OHPHQWV
3URFHVVHV
3DUDPHWHUV
'00
'60'60'60'60'6 '00
'60'60'00

 

 


688   Florian Schoettl and Udo Lindemann /  Procedia Computer Science  28 ( 2014 )  682 – 691 
4.1. Application of the modularization approach 
,QDILUVWVWHSWKHGRPDLQVZHUHGHILQHGDQGDVVHPEO\SURFHVVHVDVZHOODVIOH[LELOLWLHVZHUHJDWKHUHG$OOSURFHVVHV
RIWKHDVVHPEO\OLQHFDQEHVHHQLQILJXUH7KHIROORZLQJW\SHVRIIOH[LELOLW\ZLWKVXEMHFWZHUHGHILQHG

x SRVLWLRQLQJIOH[LELOLW\RIDPDFKLQH
x YDULDQWIOH[LELOLW\RIDPDFKLQH
x SURGXFWLRQWLPHIOH[LELOLW\RIDSURFHVV
x DXWRPDWLRQIOH[LELOLW\RIDSURFHVV

$VDQH[WVWHSWKHGHSHQGHQFLHVEHWZHHQDVVHPEO\SURFHVVHVDQGIOH[LELOLWLHVZHUHPRGHOOHGLQ'00XVLQJWKH
WHUP³DVVHPEO\SURFHVVKDVIOH[LELOLW\´'XHWRWKHGLYHUVLW\RIWKHVHIOH[LELOLWLHVIRXU'00ZHUHFUHDWHG
$IWHUZDUGVIRXU'60FRXOGEHGHULYHGDQGZHUHDGGHGWRWKHVXSHULPSRVHG'60ZKLFKLVVKRZQLQILJXUH


)LJ6XSHULPSRVHG'60ZLWKSRWHQWLDOSURFHVVFOXVWHUV
7KHFRORULQJRIWKHPDWUL[FHOOVUHSUHVHQWVWKHGHJUHHRIFRPPRQDOLW\RIWKHOLQNHGSURFHVVHVIURPJUHHQORZWR
UHGKLJK3RVVLEOHPRGXOHVDUHPDUNHGLQWKHEOXHVTXDUHVZKLFKUHVXOWIURPFOXVWHULQJWKHPDWUL[E\KDQG7KH
ODEHOOLQJFDQEHIRXQGDWWKHXSSHUULJKWHGJHRIHDFKFOXVWHU2IFRXUVHWKHUHDUHIXUWKHUDOWHUQDWLYHVEHVLGHVWKH
GHSLFWHGUHVXOWGHSHQGLQJRQERXQGDU\FRQGLWLRQVOLNHWKHQXPEHURIILQDOFOXVWHUVRUWKHPD[LPXPQXPEHURI


 


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HOHPHQWVSHUFOXVWHU%XWWKLVIX]]LQHVVRIWKHUHVXOWLVWKHQDWXUHRIWKHPRGHOHGLVVXH,QWKLVFDVHRYHUODSSLQJ
GHSHQGHQFLHVRIDVVHPEO\SURFHVVHVDQGGLIIHUHQWIOH[LELOLWLHVUHVXOWLQDGLIIXVHQHWRIGHSHQGHQFLHV&RQVHTXHQWO\
WKHUHFDQEHQRGLVWLQFWVROXWLRQIRUDPXOWLIDFHWHGLVVXH'XHWRDTXLWHJHQHUDOFRQQHFWLRQEHWZHHQHOHPHQWV
SURFHVVKDVIOH[LELOLW\ZDVDQDO\]HGLQWKHFDVHVWXG\WKHUHDUHVHYHUDOSRVVLEOHLQWHUSUHWDWLRQVRIWKHFOXVWHUHG
PDWUL[7KXVZHFKRRVHWKHSHUVSHFWLYHRIDV\VWHPHQJLQHHUZKRLVUHVSRQVLEOHIRUWKHZKROHDVVHPEO\SURFHVV
IURPDQRUJDQL]DWLRQDOSRLQWRIYLHZ
4.2. Interpretation of results 
7REHDEOHWRGHULYHH[SOLFLWUHFRPPHQGDWLRQVIRUDFWLRQIURPWKHV\VWHPFRQQHFWLRQVDFOHDUREMHFWLYHLVQHHGHG,I
WKLVVWXG\ZDVPDGHDVDSUHOLPLQDU\IRUDIXWXUHUHRUJDQL]DWLRQVRPHEDVLFERXQGDU\FRQGLWLRQVRIWKHIXWXUH
VWUXFWXUHPXVWEHNQRZQ7KLVPD\IRULQVWDQFHEHDQXSSHURUORZHUOLPLWIRUWKHQXPEHURIGHSDUWPHQWVRUWKH
QXPEHURIKLHUDUFKLFDOOHYHOV6RWKHQXPEHUDVZHOODVWKHVWUXFWXUHRIWDUJHWFOXVWHUVFDQDOUHDG\EHGHWHUPLQHG
:LWKWKHGHPDQGIRUIRXUGHSDUWPHQWVRQWKHVDPHKLHUDUFKLFDOOHYHORQHSRVVLEOHFRQILJXUDWLRQUHVXOWVIURPWKH
WKUHHELJFOXVWHUV1RDQGWKHUHPDLQLQJHOHPHQWV,QGHWDLOWKHDOORFDWLRQRISURFHVVHVWRGHSDUWPHQWVORRNV
OLNHWKDW

x 'HSDUWPHQW$ FOXVWHU
x 'HSDUWPHQW% FOXVWHU
x 'HSDUWPHQW& FOXVWHU
x 'HSDUWPHQW' UHPDLQLQJSURFHVVHV

7KLVVROXWLRQVKRZVDORWRIRYHUODSEHWZHHQWKHFOXVWHUV6XFKDQRUJDQL]DWLRQZRXOGQRWEHIHDVLEOH$
FODVVLILFDWLRQRISURFHVVHVLQGLIIHUHQWKLHUDUFKLFDOOHYHOVVHHPVWREHPRUHXVHIXOEHFDXVH'60HQFORVHVDFRXSOH
RIFOXVWHUVZLWKLQELJJHUFOXVWHUV7ZRSRVVLEOHFRQILJXUDWLRQVFRQVLGHULQJWKDWVWUXFWXUDODVSHFWDUHGHSLFWHGLQ
ILJXUH7KHRUJDQL]DWLRQFKDUWRQWKHOHIWVLGHDVKRZVDOOGHULYHGFOXVWHUVIURPILJXUHLQDKLHUDUFKLFDO
VWUXFWXUH7KHRUDQJHER[HVKDYHDGDVKHGIUDPHGXHWRWKH\DUHFRPSOHWHO\LQFOXGHGLQWKHORZHUOHYHOFRORUHGLQ
OLJKWJUHHQ2QWKHULJKWERQHFDQVHHDIHDVLEOHFRQILJXUDWLRQFRQVLVWLQJRIIRXUGHSDUWPHQWVRQWZROHYHOV


)LJD2UJDQL]DWLRQFKDUWZLWKILYHGHSDUWPHQWVRQWKUHHOHYHOVERUJDQL]DWLRQFKDUWZLWKIRXUGHSDUWPHQWVRQWZROHYHOV
$VVXPLQJWKDWWKHKLJKHVWGHJUHHRIFRPPRQDOLW\ZLWKLQWKHGHSDUWPHQWVVKRXOGEHUHDOL]HGLQRUGHUWRJHQHUDWH
V\QHUJLVWLFDIIHFWVWKHIROORZLQJIOH[LELOLW\VHWVUHVXOWIURPILJXUHE
x 'HSDUWPHQW$ $OOIOH[LELOLWLHVHDFKHOHPHQWGHSHQGVRQDOOIOH[LELOLWLHV
x 'HSDUWPHQW$ 3RVLWLRQLQJIOH[LELOLW\YDULDQWIOH[LELOLW\DXWRPDWLRQIOH[LELOLW\
x 'HSDUWPHQW$ 3RVLWLRQLQJIOH[LELOLW\YDULDQWIOH[LELOLW\SURGXFWLRQWLPHIOH[LELOLW\
x 'HSDUWPHQW% $OOIOH[LELOLWLHVHDFKHOHPHQWKDVMXVWDVLQJOHOLQN

'HSDUWPHQW$
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'HSDUWPHQW$
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'HSDUWPHQW$
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'HSDUWPHQW$
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'HSDUWPHQW$
FOXVWHU 
'HSDUWPHQW$
FOXVWHU 
'HSDUWPHQW% 'HSDUWPHQW$FOXVWHU 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4.3. Critical discussion  
%\DSSO\LQJWKHSUHVHQWHGDSSURDFKWRVXSSRUWWKHGHVLJQRIV\VWHPVWKHGHSHQGHQFLHVEHWZHHQV\VWHPOLIHF\FOH
SURSHUWLHVDQGV\VWHPHOHPHQWVFDQEHPRGHOOHGDQGXVHGWRLGHQWLI\,OLW\PRGXOHV%XWWKHUHDUHHYHQVRPHFULWLFDO
DVSHFWVDIIHFWLQJWKHVLJQLILFDQFHRIWKHUHVXOWV7KHGHILQLWLRQVRI,OLWLHVDUHPDQLIROGDQGQRWJHQHUDOO\DFFHSWHG
&RQVHTXHQWO\LWLVKDUGWRPRGHOWKHULJKWOLQNVEHWZHHQ,OLWLHVDQGV\VWHPHOHPHQWV7KHPRUHDEVWUDFW,OLWLHVDUH
WKHPRUHGLIILFXOWLWLVWRGHILQHDQGKDQGOHWKHP$V'H:HFNHWDODOUHDG\WULHGWRDQVZHULVWKHTXHVWLRQDERXW
WKHLQWHUSOD\EHWZHHQVHYHUDO,OLWLHV:HGLVUHJDUGHGWKDWLVVXHEHFDXVHWKHQHWRIIOH[LELOLWLHVLQRXUFDVHZRXOG
KDYHEHHQDQDO\]HGLQGHWDLOLIFHUWDLQIOH[LELOLWLHVHQDEOHRWKHUV7KHVHFRQGDVSHFWLVUHODWHGWRWKHPDWUL[EDVHG
PHWKRG8VLQJWKHEDVLFDSSURDFKWKHPRGHOOLQJRIGHSHQGHQFLHVLVXQSUREOHPDWLFEHFDXVHQDWLYHPDWULFHVDUH
XVHG%XWWKHVLJQLILFDQFHGHFUHDVHVLIRQHXVHVWKHH[WHQGHGDSSURDFKZLWKLQGLUHFWGHSHQGHQFLHVYLDPRUHHGJHV
1HYHUWKHOHVVWKHUHVXOWVRIWKLVSLORWVWXG\LQGLFDWHWKHRSHUDELOLW\RIWKHSUHVHQWHGDSSURDFK,QRUGHUWRXVHWKLV
DSSURDFKE\SUDFWLWLRQHUVLQLQGXVWU\HJDSODQWGHYHORSHUDVRIWZDUHEDVHGDSSOLFDWLRQLVQHHGHGWRKLGHWKH
DULWKPHWLFDORSHUDWLRQVDQGLPSOHPHQWDVXLWDEOHFOXVWHULQJDOJRULWKP
&RQFOXVLRQ
$OWKRXJKV\VWHPOLIHF\FOHSURSHUWLHVSOD\DQLQFUHDVLQJLPSRUWDQWUROHLQSODQQLQJDQGRSHUDWLRQRIODUJHVFDOH
WHFKQLFDOV\VWHPVWKHUHDUHQRFRQVLVWHQWDSSURDFKHVWRV\VWHPDWLFDOO\VWUXFWXUHV\VWHPFRPSRQHQWVUHJDUGLQJ
,OLWLHV:HSUHVHQWHGDQDSSURDFKEDVHGRQHVWDEOLVKHGPDWUL[RSHUDWLRQVFRPELQHGZLWKFRPPRQDOLW\DQDO\VLVWR
GHULYHVRFDOOHG,OLW\PRGXOHV7KHVHFOXVWHUVUHSUHVHQWSDUWVRIWKHV\VWHPDFROOHFWLRQRIGLIIHUHQWHOHPHQWVZLWKD
KLJKFRQIRUPLW\LQWKHLU,OLW\VHWV([HPSOLILHGE\DFDUDVVHPEO\OLQHZHGHPRQVWUDWHGWKDWSURFHVVPRGXOHVFDQEH
GHULYHGUHJDUGLQJWKHUHODWHGIOH[LELOLWLHV,PSOLFDWLRQVRQIHDVLEOHIRUPVRIRUJDQL]DWLRQHPSKDVL]HWKHSUDFWLFDO
EHQHILW)URPDQRUJDQL]DWLRQDOSHUVSHFWLYHHYHQELJJHUSRWHQWLDOVFDQEHXQORFNHGE\H[WHQGLQJRXUPHWKRGWR
LQIOXHQFLQJSDUDPHWHUVRI,OLWLHVEHFDXVHVXFKSDUDPHWHUVDUHXVHGLQWKHGDLO\EXVLQHVVRIV\VWHPSODQHUVDQG
GHYHORSHUV&RQVHTXHQWO\WKLVZRXOGEHDUHOLDEOHGDWDEDVHZLWKKLJKDFFHSWDQFHLQWKHSUDFWLFDODSSOLFDWLRQ
)XUWKHUUHVHDUFKRQWKLVDVSHFWDQGDSSOLFDWLRQVLQDGGLWLRQDOFDVHVWXGLHVWRYDOLGDWHWKHDSSURDFKDUHRQJRLQJ
$SSHQGL[$0DWUL[EDVHGPHWKRGV
$VGHSLFWHGLQILJXUH$D0'0FRQVLVWVRIGLIIHUHQWGRPDLQVDQGWKHUHODWLRQEHWZHHQWKHVHGRPDLQVFS
/LQGHPDQQHWDO


)LJ$/LQNEHWZHHQWKHXVHGPDWUL[W\SHV0'0'00'60
,OLWLHV (OHPHQWV 3DUDPHWHUV
,OLWLHV DUH OLQNHG WR (native)
(OHPHQWV DUH OLQNHG WR (native) DUH OLQNHG WR (derived)
3DUDPHWHU
,OLW\  ,OLW\  «
(OHPHQW  ;
(OHPHQW  ; ;
«
(OHPHQW  (OHPHQW «
(OHPHQW  ;
(OHPHQW 
«
V
0'0
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,QRXUFDVHWKH0'0FRQVLVWVRIWKUHHGRPDLQV6\VWHPHOHPHQWV,OLWLHVDQGSDUDPHWHUV(DFKFHOORIWKH0'0
GHVFULEHVWKHYHUEDOL]HGGHSHQGHQF\EHWZHHQWZRGRPDLQV7KHLQGLYLGXDOGHSHQGHQFLHVEHWZHHQHOHPHQWVRIVXFK
GRPDLQVDUHPRGHOHGLQIXUWKHUPDWULFHV'00DQG'60,IRQHPDWUL[FRQVLVWVRIHOHPHQWVRIWZRGRPDLQVLWLV
FDOOHG'00PDUNHGLQEOXH,IWKHPDWUL[OLQNVHOHPHQWVZLWKLQRQHGRPDLQLWLVFDOOHG'60PDUNHGLQRUDQJH
1DWLYHPDWULFHVLQFOXGHGLUHFWGHSHQGHQFLHV'HULYHGPDWULFHVFDQQRWEHILOOHGZLWKH[LVWLQJLQIRUPDWLRQ7KHVH
GHSHQGHQFLHVKDYHWREHFDOFXODWHGIURPQDWLYHPDWULFHV
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